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I. INTRODUCTION
Frequent soil moisture shortages and soil erosion are
common problems in the deep loess area of western Iowa.
Level terraces are £in effective means to control soil erosion
and they have been used for that purpose for many years. It
has been commonly thought that terraces were also effective
in conserving soil moisture and that the retention of some
extra moisture by terraces is beneficial to crop yields
during dry periods. In factt very little work has been done
to examine the effect of terraces on moisture conservation.
Therefore» this study was conducted with the following
objectivesi
1. To determine the effect of level terraces on soil
moisture distribution.
2. To evaluate the effect of soil moisture distribution
within terraces on com yield and development.
II. REVIEW OF LITERATURE
A. Effects of Level Terracing on
Loessal Watershed Hydrology
Results reported by Saxton and Spomer (I968) and Saxtoni
Spomer, and Kramer circa (1970) show that level terracing in
the deep loess area of western Iowa has a marked effect on
small watershed hydrology# The data used by these authors
is the result of extensive hydrologic gauging of five small
loessal watersheds by the Agricultural Research Service, Soil
and Water Conservation Research Division in cooperation with
the Iowa State University Agriculture Experiment Station and
the Iowa Committee for Agricultural Development.
The watersheds being studied are in the transition between
the Monona-Ida-Napier, and the Marshall soil association
areas. Table 1 lists the watersheds and gives size, land
use, and land treatment.
Table 1. Description of research watersheds
Watershed Description
Watershed Size Acres Cropping Land Treatment
1 7^*5 Continuous corn Field-contoured
2 82.8 Continuous com Field-contoured
3 107.0 Grass None
k 150.0 Continuous com Level-terraced
5 389lO Mixed Level-terraced
Watersheds 1 and 2 are cropped on the contour. Slopes are
2 to on the bottoms and ridgest and side slopes vary from
12 to iSfoM Watershed 3 is in bromegrass and slopes are
similar to watersheds 1 and 2« Watershed 4 is level terraced
and partially benched# Cultivated land slopes on the inter-
terrace areas do not exceed 6 to Grassed backslopes are
extremely steep, and are permanently vegetated with brome
grass.
Variables measured on all watersheds includei total
stream flow, base or sub-surface flow, surface flow, pre
cipitation, and soil loss. All water yield or flow values
are expressed as inches depth over the corresponding water
shed area.
Annual water yield and precipitation data are reported
by Saxton et al. circa (1970) for all five watersheds. Annual
average precipitation for the five year period 196^ through
1968 showed little variation between watersheds but was about
3 inches above the 97-year normal. Total water yield as
stream flow on an annual average basis for the same period
was approximately 8 inches for watersheds 1, 2 and 4-.
Watershed 3 yielded less water due to the increased moisture
use by the continuous vegetative cover. A part of watershed
5 is permanently vegetated, and it also yielded less stream-
flow per acre as compared to watersheds 1, 2, and
The effect on hydrology of terraced watersheds as
compared to imterraced watersheds, is evident when the com
ponents of stream flow, as given by Saxton et al. circa
(1970), are examined. Greater than 60^ of total stream flow
from unterraced watersheds 1 and 2 occurred as surface run
off. Terraced watershed reduced annual average surface
runoff to less than 15^ of total stream flow. Terraces on
watershed 5 held surface runoff to less than 30% of total
water yield. On the terraced watersheds base flow was
increased proportionately.
Since precipitation for the period reported was above
normal, examination of hydrology for individual years is also
informative. Saxton and Spomer (I968) reported stream flow,
surface runoff and base flow for the Treynor watersheds on a
yearly basis. In 1965 precipitation exceeded the normal by
about 15 inches, and did not vary greatly between watersheds.
On watersheds 1 and 2, 75 and 7^% of total stream flow
occurred as surface flow. Terraced watershed ^ reduced
sxirface runoff to 19^ of total yield. Total water yield as
stream flow did not vary more than 1.1 inches among water
sheds. Precipitation in I966 was below the long term mean
by about 8 inches. Watersheds 1 and 2 allowed 20 and 36^ of
total stream flow yield to occur as overland flow respective
ly. On terraced watershed k only 3^ of total runoff occurred
as surface runoff. The effect of terraces reducing surface
runoff is most pronoimced in wet years but is also significant
in dry years.
In summaryf Saxton and Spomer (1968) state that level
terraces reduce overland flow but increase subsurface flow
and do not increase or decrease total water yield. Three
assumptions which they feel rationalize these results are
that surface riinoff occurs on interterrace areas just as it
does from unterraced watershed, that this runoff is trapped,
held, and infiltrates into terrace channels with minimal
losses, and finally this moisture reappears as baseflow
without bypassing the measuring station.
Piest and Spomer (I968) reported the effect of level
terraces on soil erosion using data collected from the 5
experimental watersheds at Treynor, Iowa. Annual average
soil loss from the watersheds, for the period 196^ through
1966, show that soil loss is highly correlated with surface
runoff and that level terraces or continuous vegetative
cover can eliminate excessive soil loss. Erosion rates
averaging nearly 30 tons per acre per year occurred on
watersheds 1 and 2. Losses from terraced watersheds k and 5
averaged about 1 ton per acre per year in this period.
Grassed watershed 3 allowed less than 1 ton per acre per year
to be lost from both sheet and gully erosion.
B. Moisture Distribution in Level Terraces
The fact that level terraces control soil erosion,
primarily through containing surface runoff, is well lcnown»
Runoff does occur within terraces however, and a few authors
have commented on the beneficial effect of terrace channel
impoundment on conserving soil moisture and increasing the
moisture available for plant use. Evans and Lemon (1957)
indicate that water moves from areas between terraces and is
concentrated over terrace channels. Soil in the terrace
channel then serves as a storage place for runoff water.
Phillips and Beauchamp (1966) report level terraces are used
for both soil erosion control and water conservation, imply
ing that more moisture will be held available for plant use
due to terracing. Ballantyne et al. (I965) report yield
increases in terrace channels as compared to terrace inter-
vals at Castana, Iowa and Shelby County, Iowa due to addi
tional available moisture in terrace channels.
Little work has been done to examine actual soil moisture
differences on terraced land in humid regions, and the effects
possible differences might have on plant development.
Browning and Norton (19^1) studied the distribution of soil
moisture xmder level terraces on the Marshall silt loam.
Soil moisture samples were taken from terrace channels,
intervals, and ridges to a depth of 6 feet. On all sampling
dates, from March to November, the percentage of soil moisture
in terrace channels exceeded the percentage in terrace inter
vals or ridges.
Soil moisture under ridges was less than
terrace channel moisture and the average moisture content of
terrace intervals was 2#7^ less than terrace channels.
The authors attributed the differences to the increased
infiltration in terrace channels. The low soil moisture in
ridge positions even at the six foot level when compared to
the channel soil moisture indicated a lack of lateral move
ment of subsurface moisture.
C. Effect of Moisture Stress on Com Yields
Water is essential to life and growth. It comprises 90
to 95% of the fresh weight of most plants, aids the plant in
mechanical strength, and is a necessary raw material in
metabolism and synthesis reactions (Meyer et al. I960,
Sutcliffe,1968j Steward, 196^1 Devlin, 1966). Evidence
suggests that a shortage of moisture adversely affects growth
and development. Vaadia et al. (196I) stated that water defi
cits in plant tissues check growth and that the degree which
growth is affected depends on the magnitude of moisture stress#
The effect of degree and timing of water deficits applied
at various stages of growth on com yields has been widely
studied. Miller and Duley (1925) completed an early experi
ment studying the consequence of two soil moisture levels
8applied at various stages of growth on com development and
yield. The growing season was split into three 30-day periods*
The first period began at planting, the second period ex
tended up to early tasseling, and the third from tasseling to
90 days after planting. Two moisture levels, one near field
capacity, and the second slightly above the wilting point,
were used in all possible combinations with the 3 growth
periods. Yield reductions of 8^^, for low moisture in all
periods, to 25^, for low moisture during the first period,
were reported. A ^3% reduction occurred when stress was
applied only during the last 30 period.
Robins and Domingo (1953) studied the response of com
to soil moisture stress at specific stages of growth. By
reducing soil moisture to the wilting point for two days
during tasseling or pollination, a 22^ yield reduction
occurred. Reducing soil moisture for 6 to 8 days at silking
resulted in a 50^ yield reduction. Moisture stress applied
aftur maturity had no effect on yields.
Denmead and Shaw (I96O) grew com plants in buried con
tainers in the field and subjected them to moisture stress
at three different growth stages and combinations of stages.
Stress applied during vegetative development and ear set
reduced grain yields by 25 to 21^, respectively. Yield re
ductions of 50% attributable to stress during the silking
stage suggest that this period of growth is most susceptible
to moisture deficits.
Denmead (I96I) examined the silking period specifically
and determined that the maximum effect of stress occurred at
509S of silking. He also foimd an inverse relationship
between soil moisture tensioni as a measure of stress# and
com yields.
Dale and Shaw (I965) studied the effect of moisture stress
and stand on com yields at two fertility levels. Results
showed a close relationship between the number of non-stress
days (designated as NSD) in the period from 6 weeks before
to 3 weeks after silking and grain yield. Yield was corre
lated with stand when the number of NSD exceeded ^0. Below
^0 NSD differences in yield at various stand levels were not
significant. In years with less than 30 NSD, yields were
closely correlated with moisture stress and yields increased
rapidly with an increase in NSD. In more favorable years,
with more than 30 NSD, yields were not as closely correlated
with moisture stress as in the more droughty years.
Shah (1965) was interested in characterizing moisture
stress patterns with time. He divided an 80 day growth
period into I6 five day periods, evaluated the stress in each
small period, fitted a polynomial to describe the stress
pattern over the 80 day interval, and examined the effects
of different patterns on com yields. Shah foxmd that use
of the higher degree polynomials were significant and helped
explain additional variation in yield due to stress.
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Significant yield depressions due to stress are reported
by Claassen (1968). Moisture deficits imposed in the late
vegetative stage of growth reduced yields from 12 to 15^'
Application of stress at 75^ silking cut yields "by 53 and
29^ in 1965 and 1966, respectively. Soil moisture deficiencies
during grain development cut yields from 29 to 39%»
Research indicates an inverse relationship between
moisture stress and corn grain yields» although great
variations in the ma^itude of stress and yield are reported#
The data suggest that the period of growth in comi most
vulnerable to moisture stressf is the silking stage.
D» Moisture Stress Indicies
Researchers have used several methods to evaluate moisture
stress or moisture deficits. Smith (190^)f Wallace (1920)1
Robb (1934), Hodges (1931) 1Barger and Thom (19^9)> Runge
(1968), Basile (195^), and others have used rainfall or
drought as an index of moisture stress on com. Direct
measurement of soil moistures as an indication of plant water
deficits has been used by Miller and Duley (1925)* Robins
and Domingo (1953)» Letey and Peters (195?)t Denmead and
Shaw (i960), Schwanke (1963)f Fuehring et al. (1966), and
Holt and Timmons (I968). Vaadia (196I) stated that esti
mates of plant water deficits cannot be made from soil
moisture data alone or solely from transpiration values.
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Relationships between soil moisture contenti transpirational
demandf and plant water stress must be evaluated.
Corsi (1969) evaluated several stress indicies and found
two which best explained the variations in com yields due
to moisture stress# These two indicies satisfy the require
ments set by Vaadia (I96I).
The first index Corsi (I969) found to be significant was
based on a relationship between the soil moisture, expressed
as a percent of field capacity, and evapotranspiration.
Denraead and Shaw (1962) designated the soil moisture content
at which the actual transpiration rate fell below the
potential rate as the turgor loss point (61^^). Using a
modification of a stress day concept, as defined by Dale
(1964), Corsi (I969) lets
PAY or PAVI
Ratio =
where I PAV = % available soil moisture in the root zone.
I PAVI = % available soil moisture in the top 30 cm
profile.
The larger of the two soil moisture percent values is used to
compute the ratio for the day. If Ratio is less than 1, the
stress is evaluated by 1.00-Ratio. If the Ratio is greater
than 1.00, 0 stress is recorded. Daily stress values are
then summed for the period being evaluated.
The second index as described by Corsi (1969) employs
the relationship between actual evapotranspiration as affected
12
iDy % of available soil moisture, and potential evapotrans-
piration. A value designated as STRS is equal to the ratio
of actual evapotranspiration to potential evapotranspirationi
When STRS = 1 the soil moisture can meet the evaporative
demand for moisturet no stress existsf and stress intensity
is computed 1.00 - STRS = 0. If STRS is less than 1, water
deficits are present and the severity of deficit is the
difference I 1.00 - STRS. Values of 1.00 - STRS are summed
for the period being evaluated to indicate stress intensity.
Both of these indicies require the determination of
field capacities and wilting points of the soils involved in
the study. These are used to determine the percentage of
available soil moisture. Daily evapotranspiration based on
stage of plant development must also be determined.
13
III, AREA OP STUDY
Research was conducted in Pottawattamie Cotmtyi Iowa
on the intergrade between the Monona-Ida-Napier and the
Marshall soil association areas. The area is characterized
by its rolling and hilly topography and deeply entrenched
streams and gullies.
A brief description of the soils involved in this project,
as described by Oschwald et alt (I965) is given below.
The Monona soil is a brunizen formed on deep calcareous
loess. It occurs on gently sloping ridges of 2 to 99? slope
and on strongly sloping sides of up to 30^ slope. The
surface horizon is 8 to 1^ inches thick and is a dark brown
silt loam. The subsoil is a moderately brown silt loam. A
highly calcareous silt loam loess imderlies the subsoil. If
uneroded, the Monona is fertile, however the surface is often
partially or completely removed by erosion. The Monona soil
is well drained, easily worked, and has a high water-holding
capacity.
The Ida is a Regosol developed on deep calcareous loess.
It occurs on slopes of 6 to 30^ but is commonly found on side
slopes of 10 to The surface varies from 0 to ? inches
thick and, in an uneroded state, is a brown to dark brown
coarse silt loam. The Ida lacks any B horizon and is usually
calcareous throughout. If cultivated, the surface horizon is
usually lost to erosion, exposing the calcareous parent mate
rial.
Like the Monona, the Ida has good moisture and aeration
characteristics and is easily worked.
Colluvial alluvial material from upland slopes is the
parent material for the Napier soil. It occurs primarily
along upland drainages and footslopes ranging from 1 to 10^
slope. The surface is extremely dark brown stnd from 20 to
30 inches thick. The subsoil is also dark brown and textur-
ally is a silt loam. Occasionally the Napier will have
6-8 inches of recently deposited material and may or may not
be calcareous throughout. The Napier has a high available
water holding capacity and good crop yield potential.
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IV. METHOD OP PROCEDURE
A* General
1. The experimental watershed
Plots were located on an experimental level terraced
watershed, in the Treynor, Iowa area, operated by the
Agricultural Research Service, Soil and Water Conservation
Research Division, in cooperation with the Iowa State Univer
sity Agriculture and Home Economics Experiment Station, and
the Iowa Committee for Agricultural Development. Hydrologic
data collected from this watershed is reported in the
literature review of this thesis. The watershed is listed
as number ^ in table 1. It is cropped continuously in corn
and is 150.0 acres in size.
2. Description of the terraces
Using U.S.D.A., ScC.S. terminology as given by Phillips
and Beauchamp (1966) the terraces involved in this study
would be described as parallel-level terraces with a grassed
backslope cross section and closed ends. Tile drain outlets
have not been installed in terrace channels as the deep loess
is generally highly permeable.
Borrow for terrace construction has been taken primarily
from the down hill side and pushed up hill to form the steep
backslope and terrace channel above. For this reason, general
exposure of subsoil occurs on interterrace areas. Back slopes
generally have about a 2il slope, are linfarmable, and are
16
maintained in permanent vegetation.
The original slope of the watershed averaged about 10^
although side slopes were somewhat steeper. After terrace
construction the slope of land under cultivation was reduced
to an average of 5 "to 7%»
Overtopping of terrace channels by impounded water can
cause extensive damage so channels are constructed to hold
large amounts of interterrace runoff. The Treynor terraces
can hold 2 or more inches of interterrace runoff which is
necessary to contain a 24 hour, 10 year frequency storm.
3. Plot location
Plots measuring 10 by 15 feet (3-15 foot com rows) were
established in the spring of 1968. A set of four plots
numbered 1 through 4 was placed on each of 9 terraces. With
in each set» plots numbered 1 and 2 were in terrace channels
and those numbered 3 and k were in terrace intervals. Blocks
within terraces were formed with plots 1 and 4 in block 1 and
plots 2 and 3 in block 2. Figure 1 is a map of the watershed
showing the approximate location and numbering of all plots.
N
IFigure 1. Terraced watershed number k showing plot
locations for the 1968 and I969 soil
moisture study.
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Data collected
Factors measured and/or observed for all plots are listed
below.
1. Corn variety 10. Soil test (pH, P,K)
2. Stand at emergence 11. Leaf sample analysis
3. Stand at lay-by 12. Soil type
if. Date of 75% silking 13. Rainfall
5. Yield m-. Pan evaporation
6. Lodged percent 15- Soil moisture
7. Barren percent 16. Weed infestation
8. Insect and/or pathogen damage
The method of evaluating most of these variables is
obvioust A short explanation or discussion of a few factors
is necessary and is given below,
a. Yield Plots were harvested after maturity. All
com ears were taken from the plot even if they had fallen
from the stalk or the stalk had broken off. Total ear weight
was recorded and a sub sample taken for moisture determination.
A relationship between pounds of ear com required to yield
56 lbs. (1 bu.) of shelled com at 15*5^ moisture was used to
calculate final yield in bushels per acre.
b. Leaf sample analysis Leaf samples were taken at 5^%
silking and oven dried, ground, and analyzed for N, P, K, Ca,
Mg, Zn, Cu, Fe, and Mn. Leaf analyses were made by the soil
testing laboratory of the Department of Agronomy, University
of Nebraska, Lincoln, Nebraska.
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c. Soil type Five soil types were recognized in the
field.
1. Monona silt loam uneroded
2. Monona silt loam cut or eroded
3« Ida silt loam
4. Napier silt loam
5" Napier silt loam calcareous phase
d. Rainfall and pan evaporation A standard 8" rain
gauge and Class A evaporation pan are located on the terraced
watershed and were used to measure daily precipitation and
pan evaporation, respectively. One set of rainfall and pan
evaporation data was used for all plots.
e. Soil moisture Neutron access pipes were placed in
the center of each plot. Soil moisture readings were taken
at 7 to 12 day intervals, throughout the growing season, with
a model 1200A Nuclear Chicago neutron moisture meter. The
following depths were monitored! 6', 5', 4*, 3', 2.5', 2.0',
1.5' and 1.0*. Gravimetric moisture samples at 0-6 and 6-12
inch depths were taken coincidentally with neutron readings.
B. Analysis of Data
1' Estimating daily soil moisture
Actual soil moisture amounts were measured at 7-12 day
intervals during the growing seasons of 1968 and I969. Daily
values of soil moisture were needed in this study, however,
and these were estimated using the real data and a moisture
21
budgeting procedure. A modification of a soil moisture
estimation method, described by Shaw (1963) was used.
Several factors and relationships used in the procedure
are explained below*
Rooting depth over time for the growing season Root
ing depths were set for each period in a growing season
based on actual soil moisture data which showed the pro
gression of root growth fairly clearly.
Field capacities and wilting points of the soils
Estimates of wilting points and field capacities were made
using the field soil moisture measurements. These values
checked fairly well with values given by Shaw et al. (1959)
and were used to transform all soil moisture data into the %
available form.
Precipitation and pan evaporation Measurement of these
variables was explained previously.
A relationship between pan evaporation sind evapotrans-
piration Denmead and Shaw (1959) developed a relationship
between pan evaporation and evapotranspiration which is
adjustable to the stage of crop development. The curve
describing the relationship is shown in figure 2 and repre
sents conditions where rooting zone moisture does not limit
e vapo transpiration.
Figure 2. Ratio of evapotranspiration of com to open-pan
evaporation throughout the growing season where
root zone moisture does not limit evapotrans
piration (from Denmead and Shaw, 1959}*
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Relative evapotranspiration rates with respect to ^
available soil moisture and evaporative demand Denmead and
Shaw {1962) examined the relationship between evapotranspira-
tion rates and soil moisture at various evaporative demand
conditions. Shaw (I963) used the relationship for three
rates of atmospheric demand as a means to determine the
amount which potential evapotranspiration is reduced by-
limiting soil moisture and atmospheric demand. Two sets of
curves were used, (one for before August 1 and the second
for after August 1) and these are shown as figures 3 and
A stepwise explanation of the procedure for estimating
daily soil moisture is given below t
If Start estimating procedure on first date of soil
moisture measurement.
2. Set rooting depth (dependent on date).
3- Sum soil moistures to the rooting depth.
Sum soil moisture to 1* depth.
5- Convert all soil moistures to % available form.
6. Determine evapotranspiration loss for the day.
a. Multiply pan evaporation x ratio evapotranspira-
tion/open pan evaporation (figure 2) to get
potential evapotranspiration.
b« On the basis of the atmospheric demand;
high >0.30" med = 0.20 to O.3O" low <0.2
and using the largest value of % available soil
LFigure 3» Relative evapotranspiration rates for three
atmospheric demEind rates (from Denmead and
Shaw, 1962) before August It
Figure 4. Relative evapotranspiration rates for three
atmospheric demand rates (from Denmead and
Shaw, 1962) after August 1«
z
ui
o
oc
UI
5
q:
z
o
H
<
K
E
to
z
<
a:
o
0.
<
>
UJ
>
26
100
60
60
40
20
UI
o
H
Ul
N \
MIOM"^
\ \tMERAGE \
—LOW
V
V
\ \
\
'lOOv. 90 80 70 60 50 40 30 20 10 >^0
FIELD 15 ATMOS.
CAPACmr PERCENT AVAILABLE SOIL MOISTURE PERCENTAGE
JO^ 90
FIELD
CAPACITY
60 70 60 50 40 30 20
PERCENT AVAILABLE SOIL MOISTURE
MEC
10 /-O
15 ATMOS.
PERCENTAGE
27
moisture (value for top 1* vs. value for entire
rooting zone) for the given day, determine the rela
tive evapotranspiration rate from figures 3 or
c# Multiply relative evapotranspiration rate times
potential evapotranspiration to get actual evapo
transpiration loss.
7i Subtract evapotranspiration loss from soil moisture
in rooting depth (3)«
8. Subtract 60^ evapotranspiration loss from soil
moisture in 1' rooting depth (^)#
9» Add precipitation (if any) to soil moisture in rooting
depth and soil moisture in top 1".
10. Repeat procedure using second day's data and previous
ly computed soil moisture values.
11. At the end of the period, compare the soil moisture
estimates with the real soil moisture values and
make corrections, if necessary.
The process is used for all periods in the growing season.
The real soil moisture values, used as a check at the end of
a period, are also used as the starting point for the next
period.
Extraction tables for various depths were not needed
except for the 60^ value for the top foot of profile. The
precipitation data was corrected for interception and
evaporative losses before being used in the procedure. Runoff
28
was evident as an estimation error at the end of a period and
was taken into account in the correcting procedure. Due to
the shortness of the periods, and the use of real soil
moisture data to make corrections, errors which may have
accumulated over longer estimating periods were minimized.
The entire soil moisture estimating procedure was written
into a computer program and the 1968 and I969 soil moisture
data was run. Output from the program included 1
1« fo available soil moisture in the rooting zone.
2. % available soil moisture in the top foot.
3» daily potential evapotranspiration.
daily actual evapotranspiration.
2. Evaluating moisture stress
After studying several stress indices, an index involving
potential and actual evapotranspiration was chosen. Corsi
(1969) found this index to be a good estimator of moisture
stress in corn and it was easily calculated, using values
already computed in the soil moisture computer program.
The index is computed on a daily basis and is equal toj
Ea
100- X 100
Ep
where = Actual evapotranspiration
Ep = Potential evapotranspiration
The sum of all daily values over a 32 day period centering
on silking was used as an indicator of stress intensity.
29
3* Statistical analysis
The first analysis will be a simple comparison of
moisture content between treatments. The idea is simplei but
is necessary in exsunining the moisture distribution in the
terraces.
To evaluate the effect moisture differences between
treatments might have on com yields,will require a more
complicated approach.
The model for preliminary analysis is*
Y(l) = A(I) + B(J) + C(JK) + AC(IJK) + D(L) + AO(IL)
+ BO(JL) + CO(JKL) + E(IJKL)
where the variates
A(I) = years
B(J) - terraces
C(JK) = blocks within terraces
AC (UK) = years x blocks
D(L) - treatments
AD(IL) = years x treatments
BD(JL) ^ terrace x treatments
CD(JKL) = blocks x treatments
E(IJKL) = "error"
An analysis of variance of yield with the model will show
any significant yield differences due to the variates.
Covariates which can be included in the preliminary
30
analysis are stress# stand» and plant Nt P» and K« The use
of soil type as a covariate is discarded because any soil
differences are already removed in the classification model
as terrace differences#
Amultiple analysis of covariance can be compared to the
analysis of variance among variates. This comparison will
indicate how well the covariates explain significant yield
differences due to the variates#
Multiple regression analysis of yield against the co
variates and the computation of moisture response curves
will conclude the statistical analysis.
31
V. RESULTS AND DISCUSSION
A. Moisture Differences Between Treatments
Treatment comparisons of soil moisture are shovm in table
2. The data reported are the actual inches of soil moisture
measured on the dates given. Each soil moisture value given
is the mean inches moisture in the top 6 feet of soil of all
plots in the corresponding treatment. Figure 5 is a graphi
cal representation of the data and shows terrace channel and
terrace interval soil moistures over time for 1968 and 1969*
In 1968 differences in soil moisture between treatments
were significant as indicated by the tests in table 2,
Terrace channels held about 2.00 inches more moisture than
terrace intervals throughout the growing season.
Soil moisture differences between treatments were signif
icant on all sample dates in the 1969 growing season but
did not follow the I968 pattern. Soil moisture in terrace
channels exceeded terrace interval amounts by about 0.75 inches
early in the growing season but the differences became larger
with time. In late August, mean differences between treat
ments exceeded 2.^0 inches.
Year to year differences in soil moisture are clearly
shown in figure 5» Soil moistures in 1968 fell below 1969
amounts on all dates of the growing season and averaged 2.86
inches lower. The pattern of soil moisture change with
time varied between years. In I968 soil moisture was reduced
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Figure 5* Mean inches of moisture of 18 terrace channel and
18 terrace interval plots for several dates in the
1968 and 1969 growing seasons. Squares indicate
terrace channel data points and circles indicate
terrace interval data points.
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at a fairly constant rate throughout the summer.
Soil moisture was more variable in 1969 with a large in
crease occurring in late August. Rapid increases in soil
moisture follow rains. The slower downward trends result
from evapotranspiration.
B. Statistical Analysis of the *Model
Results of the analysis of variance of the variates is
given in table 3« Significant variation in yield due to
years, terraces and treatments are indicated. Yields in 1968
averaged 112.7 bushels per acre as compared to a mean I969
yield of 1^2.8 bushels per acre. Mean yields by treatments
are given in table 1^. Terrace channels yielded 134.7 bushels
per acre while terrace intervals yielded 120.8 bushels per
acre. Mean yields by terraces are given in table 11.
Table 3. Analysis of variance-variation in yield due to the
variates
Model Variate Sum of souar'
A Years 16308,30
B Terraces I0138.90
C Blocks/terraces 3913.8I
AC Years X blocks I756.7O
D Treatment 3486.07
AD Years X Tmt, 4,80
BD Terraces X Tmt. 3327.54
CD Blocks X Tmt. 2083,30
E Error 5489.28
Total 46508.50
**SiKiiificant at the 0.01 level of probability.
DP Mean sauare F
1 16308,20 74.36**
8 1267.36 5.77**
9 434.87 2.08
9 195.19 0.89
1 3486.07 15.88**
1 4.80 0.02
8 415.94 1.89
9 231.48 1.05
25 219.57
71
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The analysis of variance of the covariates indicates
significant variation of each covariate due to the variates
in the modeli Mean values of the covariates on which the
analyses are "based are found in tables 9 through l6«
Table 4 gives the analysis of variance for stresst
Significant variation in stress due to years, treatments,
and years by treatments at the #01 probability level is
indicated. The difference in soil moisture from 1968 to 1969
indicate that there might be significant differences in
stress between years. The F value of 65»73** substantiates
this. Of primary importaince are the significant differences
in moisture stress which occurred between treatments euid
between treatments by years. The mean moisture stress index
by years, as given in table 13t was 277.3 in 1968 and 40.0 in
1969- The mean stress index for terrace channels was 96.6
compared to a mean value of 220.72 in terrace intervals.
In 1968, stress in terrace channels and terrace intervale
was 172.3 and 382.3 respectively and in 1969i stress was 20,9
and 59.1 in terrace channels and terrace intervals respective
ly*
The analysis of variance of stand is given in table 5«
Significant stand differences were found between terraces.
Mean stand values by terraces are found in table 10.
37
Table Analysis of variance-variation in stress due to
the variates at mean levels of the other variates
Model Variate !3xim of sauares Mean sauare F
A Years 1,013,649 1 l,013,6i^9 65.73**
B Terraces 277,k26 8 3^1678 2.25
C Blocks/terraces 167,30'+ 9 18,589 1.21
AC Years X blocks 60,ij.28 9 6,71^ 0.44
D Treatment 277,139 1 277,139 17.97**
AD Years X Tmt. 132,869 1 132,869 8.62^*
BD Terraces X Tmt# 18,162 8 27,270 1.77
CD Blocks X Tmt. lii-6,018 9 16,224- 1.05
E Error 385,559 25 15,^22
Total 2,678,561 71
♦♦Significant at the 0,01 level of probability.
Table 5t Analysis of variance-variation in stand due to the
variates at mean levels of the other covariates
Model Variate Sura of sauares DF Mean sauare F
A Years 0.68 1 0.68 0.01
B Terraces 2212.iJ.9 8 276.56 3.82^^
C Blocks/terraces 286.63 9 31.85 . 0.4-4
AC Years X blocks 559.63 9 62.18 0.86
D Treatment 171.12 1 171.12 2.36
AD Years X Tmt. 91.13 1 91.13 1.26
BD Terraces X Tmt. 201.00 8 35.12 0.49
CD Blocks X Tmt. 120.13 9 13.35 0.18
E Error 1810.0/4" 25 72.40
Total 5532. 71
♦♦Significant at the 0.01 level of probability.
Variation in percent leaf nitrogen due to years is shown
to be significant in the analysis of variance in table 6.
Mean nitrogen percent by years is found in table 9 and was
2«80 and 3,Z^• in 1968 and 1969 respectively.
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Table 6# Analysis of variance-variation in percent leaf
nitrogen at mean levels of the other covariates
Model Variate Sura of sauares DF Mean square F
A Years 3.50 1 3.50 52.4l^^
B Terraces 1.17 8 0.15 2.19
C Blocks/terraces 0.71 9 0.08 1.18
AC Years X blocks 0.40 9 0.04 0.67
D Treatment 0.03 1 0.03 0.49
AD Years X Tmt. 0.01 1 0.01 0.20
BD Terraces X Tmt. 0.64 8 0.08 1.19
CD Blocks X Tmt. 0.27 9 0.03 0.45
E Error 1.67 25 0.07
Total 8.40 71
♦♦Significant at the 0.01 level of probability.
Variation in percent leaf phosphorous at mean levels of
the other covariates was significant due to years, terraces,
blocks within terraces, treatments and years by treatments.
The F values are given in table 7 and mean levels of phos
phorous over the significant variates are given in tables 9»
10, 11, 13, and 14 respectively.
Table ?• Analysis of variance-variation in percent leaf
phosphorous at mean levels of the other covariates
Model Variate Sum of squares DF Mean square F
A Years 0.0329 1 0.03293 72.Ol^^
B Terraces 0.0270 8 0.00212 4.64^^
C Blocks/terraces 0.0140 9 0,00155 3.39^^
AC Years X blocks 0.00272 9 0.00030 0.66
D Treatment 0.00347 1 0.00347 7.59**
AD Years X Tmt. 0.00180 1 0.00180 3.95*
BD Terraces X Tmt. 0.0167 8 O.OOO83 1.82
CD Blocks X Tmt. 0.0015 9 0.00017 0.37
E Error 0.0114 25 0.00046
Total 0.0915 71
♦♦Significant at the 0.01 level of probability.
* Significant at the O.O5 level of probability.
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The analysis of variance of potassium percent in corn
leaves is given in table 8« Significant P values were
obtained for all the variates except years by blocks and
years by treatments.
Table 8, Analysis of variance-variation in percent leaf
potassium at mean levels of the other covariates
Model Variate Sum of squares DF Mean square F
A Years 2.170 1 2,170 46.47**
B Terraces 9.858 8 1.232 26.39**
C Blocks/terraces '^'.014 9 0.446 9.55**
AC Years X blocks 0.304 9 0.034 9.72
0 Treatments 1.051 1 1.051 22,51**
AD Years X Tmt. 0,024 1 0.024 0.50
BD Terraces X Tmt. 0.988 8 0.123 2.64*
CD Blocks X Tmt. 1.704 9 0.189 4.05**
E Error 1.168 25 0.047
Total 21.279 71
♦♦Significant at the 0.01 level of probability.
* Significant at the 0.05 level of probability.
40 
Table 9 . Covariates averaged by years 
Covariate 1968 122.2 
Yield 112.70 142.80 
Stress 277 .33 40 .03 
Stand 17,093 17,151 
N 2.80 3.24 
p 0.267 0.310 
K 2.17 2.52 
Table 10. Covariates averaged by terrace 
Covariate la 2 1 4 ..2 
Yield 134.71 122.94 96.19 130.77 135.12 
Stress 81.0 83.0 218.1 275.4 218.3 
Stand 17,787 16,663 13,324 19,457 18,658 
N 3.31 3.03 2.95 2 . 92 3.12 
p 0.305 0.264 0.284 0.314 0.306 
K 2.37 1.94 1.87 2.97 2 .86 
6 'I 8 .2. 
Yield 127.34 133.34 132.56 136 .77 
Stress 128.8 142.5 154.8 126.4 
Stand 17,244 16,954 17,424 16,591 
N 2.97 2.88 2.92 J.06 
p 0.284 0.274 0.285 0 . 285 
K 2.10 2.05 2.50 2.44 
aThe values 1, 2 ••••••• 9 designate the 9 terraces. 
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Table 13• Covariates averaged by treatments
Govariate
Yield
Stress
Stand
N
P
K
Terrace Channel
13'^.71
96.6k
17.569
3.0^
0.296
2.47
Terrace Interval
120.79
220.72
16,669
3.00
0.282
2.22
Table 14. Covariates averaged over years by treatments
Covariate
Yield
Stress
Stand
N
P
K
ill"
119.92
172.3
17,221
2.83
0.279
2.31
hi
105.4-8
382.3
16,959
2.76
0.256
2.03
2^1
1'4'9.50
20.9
17,918
3.25
0.312
2.62
2^2
136.10
59.1
16,379
3.23
O.3O8
2.'^2
The first value refers to the year, 1 = 1968; 2 = 1969)
the second value to the treatment, 1 = channel, 2 = interval,
e.g., 21 = 1969, terrace channel.
^5
Table 15 • Covariates averaged over terraces by treatments
Covariate ii. 21
Yield 136.40 133.02 130.80 115.0? 95*05 97.32 l'+4.87
Stress 70.8 91.3 38.3 127.8 kZ.Q 39*+.3 181.3
Stand 17t71'<' 17#860 17,221 16,117 13,213 13,'^'^•6 20,415
N 3.39 3.24 3.09 2.97 2.78 3.11 3.04
P 0.320 0.290 0.272 0.255 0.275 0.292 0.325
K 2.55 2.20 2.10 1.77 1.90 1.85 3.02
42 i2 ^ ^ 2i 22
Yield 116.67 139.62 130.62 127.42 127.25 136.15 130.52
Stress 369.5 122.8 313.8 58.8 198.8 142.8 142.3
Stand 18,528 19,254 18,092 17,279 17,221 17,076 16,843
N 2.80 3.20 3.04 2.87 3.07 2.90 2.86
P 0.302 0.320 0.292 0.277 0.290 0.275 0.272
K 2.92 2.92 2.80 2.12 2.07 2.05 2.05
81 82 2i 22
Yield 145.47 119.65 156.57 116.97
Stress 163.3 146.3 50.0 202.8
Stand 17,656 17,221 18,382 14,810
N 3.04 2.80 3.04 3.07
P 0.307 0.262 0.290 0.280
K 2.70 2.30 2.82 2.05
The first value refers to the terrace, 1 = terrace 1....
9 = terrace 9i the second value refers to the treatment, 1 =
terrace channel; 2 = terrace interval, e.g., 72 = 7th terrace,
terrace interval.
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Table 16 • Covariates averaged over blocks within terraces
by treatments
Covariate 111^ 112 121 122 211 ^
Yield 13'^ •^95 130.15 137.85 135.90 119.85 111.85
Stress 115.0 89.5 26.5 93.0 ^t-l.O 121.5
Stand 17,'+2'+ 17.13^^ 18,005 18,586 16,262 l'+,956
N 3.38 3.25 3.39 3.22 3.07 2.96
P 0.310 0.280 0.330 0.300 0.275 0.255
K 2.30 2.15 2.80 2.25 1.90 1.65
221 222 311 312 321 322
Yield liH.75 118.30 106.^+0 99.20 83.70 95.'^5
Stress 35.5 13^^.0 47.0 kM-5.5 37.0 3'J.3.0
Stand 18,150 17,279 13.068 13.939 13.358 12,923
N 3.11 2.99 2.90 3.15 2.66 3.07
P 0.270 0.255 0.270 0.290 0.280 0.295
K 2.30 1.90 1.90 1.90 1.90 1.80
J^ll tH2 it21 ^ ^12
Yield 1^+7.75 128.30 l't2.00 IO5.05 128.75 126.75
Stress 154.5 435.0 208.0 304.0 144.0 378.0
Stand 20,038 18,440 20,764 18,586 18,731 18,295
N 3.08 3.11 3.00 2.48 3.27 3.25
P 0.355 0.330 0.295 0.275 0.340 0.315
K 3.15 3.30 2.90 2.55 2.85 3.00
a.
The first value refers to the terrace, 1 = terrace, !••••
9 = terrace 9j the second value refers to the block, 1 =» block
1, 2 = block 2; the third value refers to the treatment, 1 =
terrace channel, 2 = terrace interval, e.g., 621 = 6th terrace,
2nd block, terrace channel.
4?
Table 16 continued
Covariate 621 522 611 612 621 622
Yield 150.50 127.10 127.75 127.75 126.75
Stress 101.5 249.5 65.0 86.5 52.5 311.0
Stand 19.747 17,860 18,150 16,988 16,408 17,424
N 3.13 2.83 2.68 2.98 3.05 3.17
P 0.300 0.270 0.270 0.280 0.285 0.300
K 3.00 2.60 2.10 1.50 2.15 2.65
711 712 721 722 811 812
Yield 138.60 139.55 133.70 121.50 149.85 127.65
Stress 176.0 140.0 109.5 144.5 101.5 228.5
Stand 17,860 17,134 16,262 16,553 18,150 17.569
N 2.96 2.78 2.83 2.93 3.05 2.87
P 0.285 0.280 0.265 0.265 0.305 0.285
K 2.25 2.50 1.85 1.60 2.65 2.75
821 822 211 212 221 2^
Yield 141.10 111.65 155-30 89.10 157.85 144.85
Stress 225.0 64.0 5.0 8.5 95.0 397.0
Stand 17.134 16,843 18,150 13,068 18,386 16,553
N 3.03 2.72 2.96 2.97 3.12 3.18
P 0.310 0.240 0.275 0.275 0.305 0.285
K 2.75 1.85 2.55 1.55 3.10 2.55
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Of major importance in the analyses is the comparison of
the analysis of variance of the variates in table 3» "the
analysis of covariance given in table 9« In the analysis
of variance (table 3) only the variates were used to explain
the variation in yield. In the analysis of covariance the
covariates; stress, stand, nitrogen, phosphorous and potassium
are included in the model. Examination of tables 3 and 9
show that through the analysis of covariance significant
variation in yield due to years and treatments has been
eliminated. That is the variation in yield due to years
and treatments is explained equally well by the covariates.
The variation in yield due to terraces is not explained by
the covariates although the use of soil type as a covariate
was aborted due to terraces in the model. Mean yield by
soil type is shown in table 18 and this gives an indication
of the effect of soil type on yield.
Table 1?. Analysis of covariance. Variation in yield due
to the variates after the covariates
Model Variate Sum of squares DF Mean square Z
A Years 266.07 1 266.07 2.64
B Terraces 3171.^5 8 396.43 3.93**
C Blocks/terraces 15^^0.15 9 171.13 1.70
AC Years X blocks 430.36 9 47.82 0.47
D Treatment 147.50 1 147.50 1.47
AD Years X Tmt. 69.51 1 69.51 0.69
BD Terraces X Tmt. 673-29 8 84.16 0.84
CD Blocks X Tmt. 1^53.93 9 161.55 1.60
E Error 2013.56 20 100.68
♦♦Significant at the 0.01 level of probability.
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Table 18, Average yield in bushels per acre by soil type
Soil type Years in bushels per acre
Ida silt loam 125
Monona silt loam 129
Eroded Monona silt loam 117
Napier silt loam l4l
C. Multiple Regression Analysis
Several multiple regression analyses were made with the
addition and reorganization of X variables in each case.
Factors included in the final analysis, which was the most
effective in explaining variation in yield, were terraces,
stress, stress , stand, and plant nitrogen, phosphorous,
and potassium. Table 19 gives the analysis of variance.
Since the variation in yield due to terraces was not
explained by the covariates, terraces were included in this
analysis. Significant F values for each terrace were ex
pected. If terraces had not been included, the other X
variables would certainly explain some of the yield variation
between terraces.
Significant P tests for stress, stand, plant nitrogen
and plant phosphorous indicate that these factors are highly
important in explaining yield differences within terraces.
Stress^ was included in the analysis because of the curvi
linear relationship between yield and moisture. Lack of
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significance of stress^ would indicate that the 1968 and 1969
Table 19. Analysis of variance from the regression of
terraces, stress, stress^, stand and N, P, K
on yield
Variable Sum of squares DF F
Terrace 1 l.i|-518 x 10^ 1 9.58**
Terrace 2 1.2091 x 10,7 1 8.86**
Terrace 3 7»^0l6 x 10^ 1 5-79**
Terrace k 1.3682 x 10^ 1 12.4-9**
Terrace 5 1.4607 x 10^ 1 16.35**
Terrace 6 1.2972 x 105 1 18.26**
Terrace 7 1.4223 x 105 1 28.31**
Terrace 8 1.4058 x 105 1 if8.37**
Terrace 9 1.4966 x 105 1 259*26**
Stress 8.700 x lo3 1 19.50**
Stress^ 1.154'2 x 10^ 1 2.66
Stand 6.8469 x 10^ 29.89**
Plant Nitrogen 1.1382 x 10^ 1 81.06**
Plant Phosphorous 3*5667 x 10~ 1 2.61
Plant Potassium 7*1270 x 10"^ 1 5-63*
Total Corrected 1.0764- x 10^ 71
Residual 7.2150 x 103 57
Residual mean square = 126.58
**Indicates significance at the 0.01 level of probability.
* Indicates significance at the O.05 level of probability.
data do not include the extremities of the moisture response
curve. Plant phosphorous was non-significant but was in
cluded in the final analysis. The following multiple re
gression equation was obtained.
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Y = -102.1 - 0.0288S + 0.00000066s2 + 159 ST + 3'*.8? N
+ 21.15 P + 12.26 K
where Y = yield of com in bushels/acre
-102.1 = mean terrace effect
S = stress
ST = stand
N = percent nitrogen in corn leaves at 50^ silking
P = percent phosphorous in com leaves at 50% silking
K = percent potassium in com leaves at 50% silking
There were individual coefficients for the 9 terraces
indicating the change in intercept for each terrace. The
value -102.1 is the average coefficient for all the terraces.
The multiple for the analysis which is equal to the
reduction in sum of squares due to fitting divided by the
total corrected sum of squares is equal to .998* This high
R value indicates how well the factors explained the varia
tion in yield. The use of terraces in multiple regression
explained a large share of the between terrace yield variation.
This is evident in the amount the sum of squares is reduced by
terraces in table 19•
Another means to evaluate the effectiveness of the
multiple regression analysis is a comparison of the residual
mean square after fitting (table 19) to the covariance error
mean square from table 1?. The covariance error mean square
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expresses the amount of variation in yield not explained ty
the model and the covariates. The residual mean square after
fitting the X variables indicates the yield variation not
explained in regression. As the regression value approaches
the covariance mean square, the regression analysis is be
coming more complete or effective. In the final regression
analysis the residual mean square was 126.58 which compares
favorably to the covariance error mean square of 100.68•
D. Effect of Stress on Yield
An equation expressing the yield stress relationship was
computed using mean levels of the other covariates and an
average intercept value for the 9 terraces. The following
equation was computed;
Y = 131.9 - 0.0288 S + 0,0000066
where Y = yield in bushels per acre
S = moisture stress
The range of the moisture stress is from 0 to 3200. At
3200 actual evapotranspiration would have to approach 0 on all
days on which stress was evaluated. A stress value of 800
would indicate that the actual evapotranspiration rate was
reduced to about 25?5 of the potential evapotranspiration
rate on all sample days.
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Data from both treatments and both years were included
in the evaluation of this moisture stress and yield relation
ship. Between treatment moisture stress effects would be
represented by different positions on this single curve. In
1968 the mean moisture stress difference between treatments
was 237 units which would amount to an average 6.8 bushel per
acre yield difference between treatments due to stress.
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VI. SUMMARY
Field experiments were conducted during the summers of
1968 and 1969 to determine the effect of level terraces on
soil moisture distribution and the utilization of that
moisture by com. Plots were positioned in the channels and
intervals of 9 terraces on a level terraced watershed in the
Ida-Monona soil association area of western Iowa. Periodic
measurement of soil moisture on each plot and daily observa
tions of weather variables were used to evaluate soil
moisture stress for each plot. Simple comparisons of soil
moisture amounts between treatments were made# a multiple
regression analysis of moisture stress and other factors
against yield was evaluated, and finally a moisture response
equation which characterized the effect of moisture stress
on com yield was developed.
The results obtained are as follows 1
1. Soil moisture amountSf measured in total inches of
water in the surface 6 feet of soilf were greater
in terrace channels as compared to terrace intervals
on all sample dates in 1968 and 1969-
2. Significant yield differences due to treatments,
terraces, and years occurred.
3. The covariates stress, stand, nitrogen, phosphorous,
and potassium explained the variation in yield due
to treatments and years but failed to explain the
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yield variation due to terraces#
if. In the multiple regression analysis, significant
variation in yield within terraces was explained
by stress, stand, nitrogen, and potassium. Variables
for each terrace were included and were all signifi
cant. The multiple correlation coefficient = #998.
5. A moisture response equation was developed which
characterized the relationship between the moisture
stress index and yield. That equation is as followsi
Y = 131.9 - 0.0288 S + 0.0000066
where Y = yield in bushels per acre
S = moisture stress
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IX. APPENDIX
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Table 20. Data used in multiple regression analysis; yield,
stress, stand, soil, plant analysis, and com
varieties
Site^
111
2 1
2 11
2 1
3 11
2 1
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
Yield'''
bu/ac»
130.0
139.9
117.5
142.8
128.8
146.9
114.8
157.0
104.2
135.5
108.2
115.5
106.7
176.8
102.1
134.5
93.2
119.6
85.8
112.6
74.9
92.5
89.8
101.1
Stress Stand
183
47
161
18
40
13
166
20
73
9
228
15
63
8
258
10
79
15
747
144
66
8
641
45
52
68
54
64
53
71
59
69
60
52
58
45
52
73
59
60
50
40
51
45
56
36
53
36
QPlant analysis Com
Soil foP %K Varieties
4
4
2
2
4
4
3
3
1
1
2
2
1
1
1
1
2
2
1
1
2
2
2
2
3.30
3.46
3.18
3.33
3.59
3.20
3.14
3.31
2.71
3.44
2.58
3.34
2.91
3.31
2.67
3.31
2.45
3.35
2.80
3.50
1.96
3.37
2.64
3.51
0.32
0.30
0.28
0.28
0.33
0.33
0.30
0.30
0.26
0.29
0.22
0.29
0.26
0.28
0.22
0.29
0.25
0.29
0.25
0.33
0.26
0.30
0.25
0.34
2.3
2.3
2.0
2.3
2.7
2.9
2.2
2.3
1.7
2.1
1.5
1.8
2.1
2.5
1.8
2.0
1.6
2.2
1.7
2.1
1.6
2.2
1.5
2.1
1
6
1
6
1
6
1
6
2
5
3
5
2
5
3
5
2
1
2
1
2
1
2
1
First niimeral designates terrace, the second is the block,
(1 = block 1, 2 = block 2)j the third is the treatment (1 =
terrace channel, 2 = terrace interval), and the last, the year
(1 = 1968, 2 = 1969).
Yield in bu/acre.
^Soil type; 1 = Monona, 2 = eroded Monona, 3 = Ida, 4 =
Napier.
^Corn varieties, 1 = Pioneer 314; 2 = XL 36I; 3 = Pioneer
3510; 4 = XL 363; 5 = Maygold 2036; 6 = Pioneer 3268.
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Table 20 continued
Yield' Plant analysis
Site^ bu/ac« Stress Stand Soil
Corn"
Varieties
1 1 1 1^5.7 300 64 1 2.97 0.35 3.0 1
2 1^9.8 9 74 1 3.20 0.36 3.3 4
2 1 102.3 779 61 1 2.99 0.30 2.8 1
2 15^.3 91 66 1 3.24 0.36 3.8 4
2 1 1 122.1 382 67 1 2.78 0.27 2.6 1
2 161,9 34 76 1 3.22 0.32 3.2 4
2 1 65.6 544 58 1 1.90 0.23 2.3 1
2 m.5 64 70 1 3.06 0.32 2.8 4
5 1 1 1 114.6 262 62 1 3.22 0.34 2.7 1
2 142.9 26 67 1 3.33 0.34 3.0 4
2 1 108.3 686 57 2 3.26 0.33 2.9 1
2 145.2 70 69 2 3.25 0,30 3.1 4
2 1 1 130.3 182 66 2 2.99 0.29 2.7 1
2 170.7 21 70 2 3.28 0.31 3.3 4
2 1 106.0 431 59 1 2.45 0.24 2.3 1
2 163.0 68 64 1 3.22 0.30 2.9 4
6 1 1 1 99.9 125 64 3 2.35 0.23 1.9 1
2 154.3 5 61 3 3.01 0.31 2.3 4
2 1 101.3 160 58 3 2.88 0.26 1.5 1
2 154.2 13 59 3 3.08 0.30 1.5 4
2 1 1 107.8 102 54 3 2.83 0.26 2.0 1
2 147.7 3 59 3 3.28 0.31 2.3 4
2 1 109.1 543 60 1 3.01 0,27 2.3 1
2 144.4 79 60 1 3.33 0.33 3.0 4
7 1 1 1 127.4 317 59 4 2.83 0.26 2.0 2
2 149.8 35 64 4 3.09 0.31 2.5 5
2 1 117.6 228 60 4 2.52 0.24 2.3 2
2 161.5 52 58 4 3.05 0.32 2.7 5
2 1 1 125.5 204 59 3 2.68 0.24 1.7 2
2 141.9 15 53 3 2.99 0.29 2.0 5
2 1 108.7 267 58 3 2.73 0.24 1.4 2
2 134.3 22 56 3 3.14 0.29 1.8 5
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Table 20 continued
Yield^ QPlant analysis Com*^
Site bu/ac. Stress Stand Soil ?SN Varieties
8 1 1 1 1^3-6 175 64 4 2.88 0.28 2.6 2
2 156.1 28 61 4 3.22 0.33 2.7 5
2 1 111.3 317 61 4 2.59 0.25 2.5 2
2 144.0 140 60 4 3.16 0.32 3.0 5
2 1 1 125.2 370 55 4 2.94 0.29 2.9 2
2 157.0 80 63 4 3.13 0.33 2.6 5
2 1 111.4 125 68 3 2.39 0.22 2.0 2
2 111.9 3 48 3 3.06 0.26 1.7 5
1 1 1 136.9 10 64 3 2.73 0.25 2.3 2
2 173.7 0 61 3 3.20 0.30 2.8 5
2 1 103.9 17 64 3 2.82 0.24 1.5 3
2 74.3 0 26 3 3.12 0.31 1.6 5
2 1 1 141.7 169 66 4 2.88 0.29 3.2 2
2 174.0 21 62 4 3.37 0.32 3.0 5
2 1 135.0 584 54 4 3.20 0.26 2.1 3
2 154.7 210 60 4 3.16 0.31 3.0 5
